Several homeobox-containing genes related to Drosophila Distal-less (Dll) have been isolated from a wide variety of organisms and have been shown to function as developmental regulators. While in Drosophila only one Dll gene has been described so far, in Vertebrates many components of the Dlx multigenic family have been characterized. This suggests that, during the evolution of the Chordate phylum, the Dlx genes arose from an ancestral Dll/Dlx gene via gene duplication. We have previously reported the isolation of two Dll-related homeoboxes from the protochordate Ciona intestinalis, and described their clustered arrangement (Gene 156 (1995) 253). Here we present the detailed genomic organization and spatial-temporal expression of these two genes, Ci-Dll-A and Ci-Dll-B, and describe the isolation and characterization of another member of the ascidian family of Dll-related genes, which we tentatively named Ci-Dll-C. q
Results

Structure of the Ciona Dll cluster and its similarity to vertebrate Dlx clusters
With a screen for homeobox-containing genes in Ciona intestinalis, we isolated two genes, Ci-Dll-A and Ci-Dll-B, clustered on a 4 kb genomic insert. As shown in Fig. 1A , CiDll-A and Ci-Dll-B are organized in an inverted convergent (tail-to-tail) orientation; a comparison of genomic and cDNA sequences indicates that the distance between the two ORFs is~1.5 kb. In this region, the two putative stop codons and polyadenylation signals have been identi®ed. Similar genomic arrangements of Dll-related homeoboxes have been described in vertebrate genomes: particularly, human DLX1 and DLX2 are found within a 20 kb genomic region (McGuinness et al., 1996) whilst DLX5 and DLX6 are contained in a 25 kb region (Nakamura et al., 1996) . The same genomic arrangement is displayed by their mouse and zebra®sh cognates, Dlx1, Dlx2 and Dlx5, Dlx6 (e.g. Simeone et al., 1994; Zerucha et al., 2000) .
Expression pattern of Ci-Dll-A
The Ci-Dll-A cDNA clone predicts a protein of 453 amino acids. Northern blot analysis indicates that during Ciona embryogenesis a Ci-Dll-A transcript of about 1.6 kb is ®rst detectable at mid-tailbud stage and its levels are increased at the late tailbud and larval stages (Fig. 1B) . Whole-mount in situ hybridization was performed on staged Ciona embryos (Fig. 2) . Ci-Dll-A expression is ®rst detected at tailbud stage in a few ectodermal cells of the trunk (Fig. 2A) . In hatched larvae, Ci-Dll-A is expressed in the bilateral primordia of the atrial siphon (Fig. 2B ). As shown in Fig. 2C , in sagittal sections the atrial primordia consist of two pockets of cuboidal and columnar cells in the epidermis of the body wall, which will become fused, during metamorphosis, to form the single atrial siphon of the adult (Katz, 1983 ).
Expression pattern of Ci-Dll-B
The isolated cDNA clone of Ci-Dll-B did not contain the entire coding region lacking the 5 H UTR and the putative ATG and predicts a 606 bp open reading frame. Ci-Dll-B transcript (about 2.5 kb), monitored during embryogenesis by Northern blot analysis (Fig. 1B) , is ®rst detected in unfertilized eggs, thus indicating a maternal storage; its levels then increase at 64-cell stage, peaking at gastrula stage, and decreasing rapidly soon after neurulation, becoming faint in early tailbud embryos and not detectable in later stages. The expression pattern of Ci-Dll-B is similar to that observed for the posterior end mark (pem) genes characterized in the ascidian Ciona savignyi (Yoshida et al. 1996; Satou and Satoh, 1997; Satou, 1999) . Immediately after ooplasmic segregation, the Ci-Dll-B transcript appears localized to the embryonic region known as myoplasm (Fig.  2D ). In the 8-cell-stage embryo, the distribution of Ci-Dll-B transcript was restricted to the posterior region of B4.1 cells (data not shown). Positive hybridization signals were detected at gastrula stage, not only in the progeny of the B4.1 cells, (B7.6; Fig. 2E ) but also in nearly all the dorsal blastomeres, which include epidermal and neuroectodermal precursors (Fig. 2F) . Finally, early-tailbud embryos show positive signals in two cells of the endodermal strand, while middle-tailbud embryos show only one positive endodermal cell (Fig. 2G,H ).
Expression pattern of Ci-Dll-C
Ci-Dll-C was isolated screening a larva cDNA library and encodes a protein of 288 amino acids. Ci-Dll-C expression can be ®rst detected by Northern blot analysis at the gastrula stage and its levels increase at larval stage (Fig. 1C) . In hatched larvae, the only site where this transcript is detected by whole-mount in situ hybridization is the adhesive organ, which is located at the anterior end of the body (Fig. 2I) . This organ is used by ascidian larvae at the beginning of metamorphosis to attach to a solid substrate (Cloney, 1977) . 1 RNAs (10 mg) were electrophoresed on a 1.3% agarose-3% formaldehyde gel and blotted onto Nylon ®lters (Hybond-N, Amersham, UK). Blots were hybridized using as probes the entire cDNA for Ci-Dll-A, Ci-Dll-B and Ci-Dll-C. As loading control was used a C. intestinalis calmodulin (Ci-CaM) probe (Di Gregorio et al., 1998) . Poly(A) 1 was from: eggs (E), 16-stage cell (16), 64-stage cell (64), gastrula (G), neurula (N), early-(eT), middle-(mT), late-tailbud (lT) and swimming larva (SW). Size makers are on the right. The cDNA sequences have been deposited to the EMBL Data library under the accession numbers: Ci-Dll-A AJ278696; Ci-Dll-B AJ278697; Ci-Dll-C AJ278698.
Conclusion
While only one Dll gene has been isolated from Drosophila (Cohen and Yurgens, 1989) and from amphioxus (Holland et al., 1996) and several Dlx genes have been isolated from Vertebrates (Liu et al., 1997) , we have identi®ed three Dll-related genes in Ciona, which leads to the formulation of two main alternative hypotheses.
First, the situation in Ciona represents the ancestral condition of primitive Chordates and, if so, divergent Dllrelated genes may also be present in the amphioxus genome.
Second, the situation in Ciona is the result of a lineagespeci®c duplication event occurred after the divergence of Ascidians from the main chordate branch leading to Cephalochordates and Vertebrates.
Materials and methods
Isolation of Ciona Dll-related genes
A positive Ci-Dll-A cDNA clone was isolated screening a C. intestinalis cDNA library prepared from poly-(A) 1 RNAs isolated from hatched-larvae, using as a probe a genomic fragment corresponding to the Ci-Dll-A homeobox. A Ci-Dll-B cDNA clone was isolated screening a C. intestinalis cDNA library prepared from poly(A) 1 RNAs extracted from unfertilized eggs, using as a probe a genomic fragment encompassing the homeobox. A Ci-Dll-C cDNA clone was isolated from the C. intestinalis hatched-larvae cDNA library described above, using the CiHB1 degenerate oligo probe, as described in Di Gregorio et al. (1995) .
Northern blot analysis
Total RNA was extracted from embryos at various stages of development according to Chomczynski and Sacchi (1987) and poly(A) 1 RNAs were puri®ed by oligo(dT)-cellulose chromatography (Sambrook et al., 1989) .
In situ hybridizations
The cDNA inserts, cloned in the pBluescript SK(2) vector, were linearized and used as templates for the synthesis of DIG-11-UTP labelled sense or antisense RNA probes using a Digoxigenin RNA labeling kit (Boehringer 
